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@ Glucagon-IIke Insul inotropic peptides, composHioro and methods. 

(s7) The present invention provides novel compounds comprising certain GLP-1 molecules oomplexed 
with a divalent metaJ cation, pham«ceirtJcaI compositions thereof, and methods of using such 
compounds ,fbr enhancing the expression of Insulin In B-type islet cells and for treating maturity onset 
diabetes meilttus in mammals, particularly humans. 
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This invention relates to the field of pharmaceutical and organic chemistry and provides novel compounds, 
and phamiaceutlcal compcsItJons thereof, which are useful for enhancing the expression of Insulin from manv 
malian pancreatic B-type bJet cells and for treating maturity onset diabetes meilitus in a mammal. 

The endocilne secretlor^ of the pancreatic Islets are under COTiplex control not only by btood-bome 
tabdites (glucose, amino adds, catecholamines, etc.). but also by local paracrine influences. The major pan- 
creatic islet honnones (glucagon, Insulin and somatostatin) interact amongst theo- specif ic cell types (A, B, and 
D cells, respectively) to modulate secretory responses mediated by the aforementioned metabolites. Although 
Insulin secretion is predonrtinantly controlled by blood levels of glucose, somatostatin Inhibfts glucose-medated 
insulin secretory responses. In addition to the proposed Interislet paracrine regulation of insulin secretion, there 
Is evidence to support the existence of tnsulinotroplc factors In the intestine. This concept originates from the 
otsservations that glucose taicen orally is a much more potent stimulant of insulin secretion than is a comparable 
an>ount of glucose given Intravenously. 

The human hormone glucagon is a29-amino add peptide hormone produced in thsA-cells of the pamreas. 
The hormone belongs to a multi-gene family erf structuraiiy related peptides that Indude secretin, gastric In- 
hibitory peptide, vasoactive Intestinal peptide and gficentln. These peptides variously regulate carbohydrate 
metabofism. gastrointestinal mobility and secretory processing. The prindpal recognaed actions of pancreatic 
glucagon, however, are to promote hepatic glycogenolysis and glyconeogenesls, resultfrig in an elevation of 
blood sugar levela In this regard, the actions of glucagon are counter regulatory to those of Insulin and may 
contribute to the hyperglycemia that accompanies Diabetes meOltus [(Lijnd, RIC, etal^ ProcNatL Acad. Sd. 
Lr.Sj\., 79:345-349(1982)). 

Glucagon has been found to be capable of binding to spedfic receptors which lie on the surface of insulin 
produdng ceOs. Glucagon, when bound to these receptors, stimulates the rapid synthesis of cAMP by these 
cells. cAMP, In turn, has been found to stimulate insulin expression [Korman, LY, et a/., Diabetes, 34:717- 
722 (1965)]. Insulin acts to Inhibit ^ucagon synthesis [Ganong, W.F.. Rovt&w of Med'tcal Physiology, Lange 
Publications, Los Altos, California, p. 273(1979)]. Thus, the expression of glucagon Is carefully regulated by 
insulin, and ultimately by the serum glucose level. 

The glucagon gene is initially translated from a 360 base pair precursor to form the polypeptide, prepro- 
glucagon (Lund, of a/., Proc NatLAcad Sd. a SjA. 79:345-349 (1982)]. This poJypeptide is subsequently proc- 
essed to form progtucagon. Patzelt, C, ef a£. Nature, 282:260-266 (1979), demonstrated that proglucagon 
was subsequently deaved into glucagon and a second pdypeptide. Subsequent worlc by Lund, P.K., at a/.. 
Lopez LC, et a/., Pmc NatL Acad, Sd. U.SA, 80:5485-5489 (1963), and Bail, G.I., et al, Nature 30^716- 
718(1 983), demonstrated that the proglucagon molecule was deaved Immediately after lyslne-arginine dtpep- 
llde residues. Studies of proglucagon produced by channel catfish [ictaiurus punctata) Indicated that glucagon 
from this animal was also proteoiytlcally deaved after adjacent lysine-arglnine dipeptide residues [Andrews 
P. C, et ah, J. Bid. Cham, 260:391(V3914 (1985). Lopez, L.C.. ef a/.. Proc. Natt. Acad. Sd. U.SA., 80:5485- 
5469 (1963)]. BeJI, G.I., et aL, supra, discovered that mammalian proglucagon was deaved at tysine-argmine 
or argininfr-arginine dipeptldes. and demonstrated that the proglucagon mdecule contained three discrete and 
highly homdogous peptide molecules which were designated glucagon, glucagon-like peptide 1 {GLP-1) and 
glucagon-like peptWe 2 (GLP-2). l-opez, et al., conduded that glucagon-lllce peptide 1 was 37 amino acid re- 
sidues long and that glucagon-iike peptide 2 was 34 amino acid residues long. Analogous studios on the struo- 
ture of rat prepcoghicagon revealed a simiiar pattern of proteolytic deavage between adjacent lyslne-arginine 
or arginine^lnine dipeptide'residucs, resulting in the fomiation of ghjcagon, GLP-1 and GLP-2 [Hetnrich, G., 
era/,, Endoainof., 115^176:2181 (1984)]. Human, rat, bovine, and hamster sequences of GLP-1 have been 
found to be Idenflcal [Ghlglione, M.. et a/., Dfebefo/og/a. 27:599-600 (1 984)1 

The conduslon reached by Lopez, ot a/., regarding the size of GLP-1 was confirmed by the work of Ut- 
tenthal, LC, et aL, J. Oln. Endoaind. MetaboL, §1:472-479 (1985). 

Uttenthal, ef a/., exantined the molecular forms of GLP-1 which were present in the human pancreas. Their 
research shows that GLP-1 and GLP-2 are present In the pancreas as 37 amino add and 34 amino add pep- 
tides, respecth^ly. 

The similarity between GLP-1 and glucagon suggested to early Investigators that GLP-1 might have bio- 
logical actNlty. Although some investigators found that GLP-1 could Induce rat brain cells to synthesize cAMP 
[Hoosein. N.F^., ef a/., Fobs Lett 178:83-86 (1984)1. other investigators failed to identify any physidogical rde 
for GLP-1 (Lopez, UC, ef a/.). The failure to identify any physidogical role for GLP-1 caused some investiga- 
tors to questfon whether GLP-1 in fad a hormone and virtiether the relatedness between glucagon and 
GLP-1 might be artifactual. 

Variants of GLP-1 (7-37) and analogs thereof, also have been dlsdosed. These variants and analogs In- 
" elude, for example, Gln«-GLP-1C7-37),'D-GIn»-GLP-1 (7-37), adetyl-Lys»-GLP-1 (7.37),Thri*-Lys^«-GLP-1 (7- 
37), Lys^*-GLP-1 (7-37) and the like, and derivatives thereof induding. for example, add addition salts, car- 

2 
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boxylate salts, lower alkyt esters, and amides [see, eg., WO 91/11457]. Generally, the various disdased forms 
of GLP-1 are knov^ to stimulate Insulin secretion (Insulinotroplc action) and cAMP formation [see , e Mo)sov, 
S., tnt J. Peptide ProiBln Research, 40333-343 (1992)]. 

More Importantly, multiple authors have demonstrated the nexus twtween tatx)fatory experimentation and 

5 mammalian, particularly human. Insulinotroplc responses to exogenous administration of GLP-1 , particularly 
GLP-1 {7-36)amide and GLP-1 (7-37) fsee. e.g.. Nauck, MA., ef a/., Diabetoiogia, 36:741-744 (1993); Gutniak, 
M.. et aL, NawEngfandJ. of Medicine, 326(20):1316-1322 (1992); Nauck, MJ^, et aS,, J, CUn. Invest, 91:301- 
307 (1993); and Thorens. B.. ef a/.. Diabetes, 42:121&-1225(1993)1. 

More particularty. the fundamental defects identified as causing hyperglycemia In maturity onset diat>6tes 

10 are Impaired secretion of endogenous Insulb and resistance to the effects of Insdln t>y muscle and liver [Ga^ 
loway, J.S^ Dia^efes Care, 12-1209-1239. (1990)]. The latter defect results in excessive production of glucose 
from the liver. Thus, whereas a normal Indivkjua! releases glucose at the rate of approxinutaty 2 mg/kg/mtnute, 
in patients with maturity orxset diabetes, this amount usually exceeds 2.5 mg/kg/mlnute resulting in a net ex- 
cess of at least 70 grams of glucose per 24 hours. The fact that there exists exceedingly high correlattons be- 

15 tween hepatic glucose production, the fasting blood glucose and overall metabolic control as indlcatad by gty- 
cohemoglobln measurenrients (Galloway. J A, supra; and Galloway, J-A., ef aL, Cftn. Thersp., 1^460-472 
(1990)], it is readily apparent that control of the fasting bk>od glucose is a sine quo non for achieving overall 
normalization of nDetabdlsm sufficient to prevent the oomplicatk>n of hyperglycemia. In view of the fact that 
present forms of Insulin rarely nonmallze hepatic glucose production without producing eignlf teant hyperinsu- 

20 linemia and hypoglycemia (Gallcway, J.A., and Galloway, J A. at a/., supra) atteinatlve approaches are need- 
ed. 

Intravenous infusions of GUP-1 (7-36)amide to produce twice normal serum concentrations have been 
demonstrated to produce the effects Indicated In the table below: 

25 



Normal Patients With Maturity 
Subjects Onset Diabetes 
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Meal glycemia (1) 


Unchanged 


Reduced 


Fasting glycemia (2) 




Reduced 


Fasting glucagon (2) 




Reduced 


Post-prandial glucagon (1) 




Reduced 


Endogenous insulin secretion 






in response to a meal (1) 


Unchanged 


Increased 


Free fattv acids 


Reduced (3) 


Reduced ( 2 ) 


(1) Gucnia)c, M., et ai. 


, supra , 




(Zl.'Naucki, M.A. , et ai. 


/ Diabetologia, sucra. 


(3) Orskov, C, ec ai-, 


Diabetes, 42:658 


-661, (1993). 



45 

However, the long-term stability of GtP-1 , particularly GLP-1 as a component of a pharmaceutical composition 
for administration to mammals, is questionable. In fact, when stored at the low temperature of 4*C. by-products 
of Gi-P-1 C7-37) have been found as early as eleven nnonths after sample preparation (Mojsov, S., supra) . Thus, 
60 there exists a need for a more stable GLP-1 compound which can safely be administered to mammals In need 
of such treatment 

Furthermore, the biological half-life of GLP-1 molecules, particularty those molecules which are affected 
by the activity of dlpeptidyt-peptidase IV (DPP IV) Is quite short For example, the biological hatf-llfe of GLP- 
1 (7-37) Is a mere 3 to 5 minutes (U.S. Pat No. 5,118,666), and is further influenced by its rapid absorption 
55 following pareriteral administration to a mammal. Thus, there also exists a need for a GLP-1 compound or for- 
mulation which delays absorption following such administration. 

Accordingly, the present Invention provides compounds and fomtulatlons which satisfy the'aforemehtioned 
statrility requirements. The compounds of the present Invention also provide delayed absorption following par- 
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enteral administration and, consequently, should have extended bidogical half-trves. Also provided are phar- 
maceutlca} compositions of the compounds of the present invention, as weD as methods for using such com- 
pounds. 

The present tnventton provides a compound comprising a GLP-1 molecule having at least one hlstidine 
5 functionality or a modified histidine functionality and f urther having an isoelectric point In the range from at)out 
6.0 to at>out 9.0, complexed with a divalent metal cation. 

Also provided by the present invention ts a pharmaceutical composition comprising a compound of the 
present invention in combination with a pharmaoeutically acoeptabid carrier, diluent, or exctpient 

The present Invention further provides a method for enhancing the expression of tnsultn comprising pro- 
10 vlding to a manvnalian pancreatic B-type islet cell an effective amourrt of a compound of the prasant inventbin, 
as well as a method for treating maturity onset diabetes mellitus in a mammal in need of such treatnient com- 
prising administering an effective amount of a compound of the present Invention to said manrvnal. 

One aspect of the present invention provides a compound comprising a G1J>-1 molecule having at least 
one hlstidine functionality or a modified histidine functional^ and further having an isoelectric point In the 
15 range from about 6.0 to about 9.0, complexed with a divalent metal cation. 

As used Inlhe present specification, the term ■GIJ»-1 molecule' refers to naturaJly-occurring GLP-1 (7- 
36}amtde, GU'-I (7-37). natural and unnatural functional analogs and derivatives thereof, and salts thereof. 
The amino add sequence of GLP-I (7-36)amIde is wetl known In the art but is presented below as a conve- 
nience to the reader 

20 

His'^-Ala-Glu-Gly^^-Thr-Phe-Thr-Ser-Asp^S-val-Ser-Ser-Tyr- 
Leu20-Glu-Gly-Gln-Ala-Ala25-Lys-Gla-Phe-Ile-Ala3*>-Trp- 
Leu-Val-Lys-Gly35-Arg-NH2 • 

25 . 

For GLP-1 (7-37). the carboxy-terminai amide functionality Arg^ b displaced with Gly at the 37th position 
of the GLP-1 (7-36)amide molecule. 

In addition, the existence and prepaFatlon of a multitude of protected, unprotected, and partially protected 

30 natural and unnatural functional analogs and derivatives of GLP-1 (7-36)amide and GLP-1 (7-37) nnoleoules 
have been described In the art [see, e.g., U.S. Pat No. 5,1 20,71 2 and 5,118,666, which are herein Incorporated 
by reference, and Orskov, C. et a/.. J. Biol, Chem,, 264(22):12826-128^ (1989) and WO 91/11457 (Buddey, 
D.I., ef a/., published August 8, 1 991 )]. 

As known In the art amino acid residues may be in their protected form In which t>oth amino and cert>oxy 

ss groups possess appropriate protecting groups, partially-protected fbmn in which either amino or caiboxy groups 
possess appropriate protecting groups, or unprotected form In which neither amino norcart>oxy groups possess 
an appropriate protecting group. Numerous reactions for the fonnation and ren>oval of such protecting groups 
are described in a number of standard works Indudirig, for example, "Protective Groups in Organic Chemistry", 
Plenum Press (London and New York, 1973): Green, T.H., 'Protective Groups In Organic Synthesis*, Wiley 

40 (New York, 1981); and The Peptides", Vol. I, Schr5der and LObke, Academic Press (London and New York, 
1965). 

Representath^ amino protecting groups Indude, for example, formyt, acetyl, Isopropyl, butoxycaitonyl, 
fluorenyimethoxycarbonyt; carbobenzyloxy, and the like. 

Representative caiboxy protecting groups Indude, for example, benzyl ester, methyl ester, ethyl ester, t- 
45 butyl ester. f>-nltro phenyl ester, and the like. 

In addition to protected fonms in whkii both amino and carboxy groups possess appropriate protecting 
groups, the tenm 'protected' also refers to tin>se GLP-1 nrx>lecules in which the activity of dipeptkfyl-peptidase 
IV is resisted or Inhibited e.g.. Mentietn, R., et a/., £ur. J. 6/oc/iem., 214:829-835 (1993)]. In addition to 
GLP-1 (7-36)amide and glydne-d-(Gly^GLP-1 C7-36)amlde, GLP-1 molecules which are protected from the 
so activityof DPP IV are preferred. 

Derivatives of naturally-occurring GLP-1 molecules are those peptides which are obtained by fragmenting 
a naturally-occurring sequence, or are synthesized based upon a knowtedge of the sequence of the naturally- 
occurring BH^no add sequence of the genetic material (DNAor R>4A) which encodes this sequertce. The term 
'derivatrves' also Indudes chemical modification of rutural or unnatural GLP-1 m<decutes. Processes for pre- 
ss paring these derivatives are weD known to organic and peptide chemists of ordinary skID (see, e.g., WO 
91/11457, supra) . 

GUP-Vmofecules of tiie present invention also tndude analogs of GLP-1 (7-36)amkle and GLP-1 (7-37)' 
in which one or more amino adds which are not present In the original sequence are added or deleted, and 
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Furthennore the present Invention Indudes a salt fom of a GLP-1 moleculo. A GLP-1 of this Invention 
can possess a sufficiently acidic a sufficiently bas\c. or Iwth functional groups, and accordingly react wfth 
any of a number of Inofganlc bases, and InoTBanic and organic adds, to form a salt Adds commonly employed 
to form add addition salts are Inorganic adds sudi as hydrochloric acid, hydrobremlc add. hydrelodlc add. 
sulfuric add phosphoric add. and the like, and organfc adds such as 2-toluenesulfonic acid, methanesulfonic 
add oxalic ^d. o-bromophenyl-sulfonlc add. eaitonlc add, sucdnlc add. dtiteadd. benzoic add. aceOc add. 
and 'the like Examples of 8i«h salts Indude the sulfate, pyrosulfate, bisulfate, suHite. Wsulflte. phosphate, 
monohydtogonphosphate. dlhydrogenphosphate. metaphosphate. pyrophosphate, chloride, bromide. Iodide, 
acetate propionate, decanoate. caprylate. acrylate. formate, bobutyrate. caproate. heptanoate, propWate. ox- 
alate, fiialonate. sucdnate. suberate. sebacate. fumarate. maleate. butyne-I.A^ioate. hexyre-I.Wioato. 
benzoate cMorobenzoate. methylbertzoate. dinitrobenzoate. hydroxybenzoata. methoxybenzoate, phthalate. 
sulfonate" xylenesulfonate. phenylacelate. phenylproplonate. phenylbutyrato. cftrate. lactate, gamro-hydrox- 
vbutvrate olycolate. tartrate, methanesulfonate. propanesulfonate. naphthalene-1 -sulfonate, naphthalone-2. 
sulfonate, mandelate. and the like. Preferred add addition salts am those formed with mineral adds sudi as 
hydrochloric add and hydrobromic add. and. especially, hydrochloric add. 

Base addition salts Indude those dertwd from Inorganic bases, such as ammonium or alkali or alkaline 
earth metaJ hydroxides, carbonates, blcarbonates. and the like. Sudi bases useful m preparing the salts of 
this Invention thus Indude sodium hydroxide, potassium hydroxido. ammonium hydroxWa. potassium caibon- 
ate. and the nke. The sell fomw are particularly prefeiTod. 

Of course when the compounds of this invenBon are used for phamaeotherapeutic purposes, those com- 
pounds may also bo In the fbrm of a salt, but the salt must be pharmaccutically acceptable. 

nius GLP-1 mdecules of the present Inventfan Indude friterafe. those GLP-1 molecules whteh f unetion- 
afly demonstrate Insulinotropic actMty. The tem< Insulinotropic acth/ay" relates to the abHity of a substance 
to stimulate or cause the stlmulatten of. the synthesis or expression of the hormone Insulin, 

Th e insulinotropic property of a compound may be determined by providing that compound to animal cells, 
or Inledlng that compound into animals and monitoring the release of Immunoreadive insulin (IFB) hito the me- 
d a or dr^latory system of the animal. respedWdy. The presence of IRI Is deteded through the Use of a ra- 
dioimmunoassay whteh can spedf icaliy detect Insulin. ^ ^ »u. «-»-™h» 

Although any radioimmunoassay capaUeofdeteding the P*''™'^'^™^ ^«'"f'«^^^ 
to use a^nodification of the assay method of Albano. J.D.M, et at. Ada Endocrinol.. 70:487-509 (19^). In 
this modification, a phosphate/albumin buffer with a pH of 7.4 is employed. The inojbafion is prepared wSh 
the consecuUve additton of 500 of phosphate buffer. 50 ^1 of perfusate sample or rat Insulin standard in per- 
fusate 100 ol of antWnsulin antisemm (Wellcome Laboratories; 1:40.000 dihjtton). and 100 of C«l) Insulm. 
giving 'a total vdume of 750 ^1 In a 10x75 mm disposable glass tube. After Incubation for 2-3 days at 4- C. f ree 
insulin is separated from antibody-bound insulin by diareod separation. THe assay sensibvity s 1-2uU/rriL. 
In order to measure the release of IW into the cell culturemediumofcallsgrownln tissue culture, one ;aaferaUy 
Incorporates radioactive label Into promsuim. Although any radtoacthe label capable of labelling a pdypeptlda 
can be used it is preferable to use »H leucine In order to obtain labelled prolnsulln. LabeBIng can be done tbr 
any period of Ome sufffclent to permit the formation of a detectably labeDed pod of prolnsulln molecules: bo^ 
ever H b preferable to Incubate cells In the presence of radioactive label for a 60 minute time period. 

Although many cen lines capable of expressing Insulin can be used for determining whether a compound 
has an insulinotropic effect it Is preferable to use rat Insulinoma cells, and espedally RlN-38 rat Insulinoma 
ceUs. Such cells can be grown m any suitable medium; however. H is preferable to use DME medium containing 

The Insullnotropte property of a compound may also be detemilned by pancreaUc Infusion. The /"stfu too- 
lated perfused rat pancreas preparatton Is a modification of the method of Penhos. J.C.. of at. D/abetes 
18-733-738 (1969) fasted male Charles River strain albino rats, weighing 350-600 g. are anesthetized with 
i;;"lntraperftoneal Injedlon of Amytal Sodium (Bl Uily and Co.: 160 ng/kg). Renal, adrenal, gastric and lower 
cdonlc Mood vessels are llgated. The entire Intestine Is resected except for about four att of duodenum and 
the descandlng coten and redum. Therefore, only a small part of the Intestine is perfused, mhlmBlngpossible 
Interference by enteric substances with glucagon-lika Immunoreadlvity. The perfusate b a mod^ned Krete- 
Rinoer bicarbonate buffer with 4% dextran T70 and 0.2% bovine serum albumin (fradwn V). 
with 95% O, and 5% CO,. AnonpubaUie flow. 4<hannel rdler bearing pump (Budiler pdystatlc. Buchler In- 
stniments DMston. Nudaar-Chlcago Corp.) to used, and a switdi from one perf usatesouroe to '^'^^^ 
compllshed by switching e 3-way stopcodc The manner in whldi perfuston Is perfonned. "*"|to'«^«n^ana- 
• -IJedfdlow the method of Weir. G.C.. efa/.. J. CBn. /m»st/sat54:l'«>3.-1412(1974). whch te hereby lnccrp<^ 
rated by reference. 
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The GLP-1 molecules of the present Invention are retjuired to possess at least one histidine functionality, 
preferably at the 7-position as shown above. However, the histidine functionality may be located at any posKlOfl 
within a GU'-I mdecule. 

Alternatively, GLP-1 moleajies of the present Invention may possess at least one modified histidine funo- 
6 tional tty In lieu of the required histidine functionaiity, and may t>e located at any position wHhln a GLP-1 mol- 
ecula. Preferably, a modified histidine functionality is located at the 7-poslUon of a GLP-1 molecule. 

The term "modified histidine" refers to a histidine functionality which has been chemicaDy or blologlcaDy 
altered or an altered htstkllne functionaiity which has been synthesized de novo , but which retains its metal 
binding properties. 

10 Numerotis such modified histidine functtcnalittes and their preparation are known h the art and indude, 
for example, D-histidlne (WO 91/11457), desamino histidine (WO 92/1S531), 2-amino-histidine [Levino-Pinto, 
H„ et a/., Blochem. Bhphys, Res. Commun., 103(4): 11 21 -1130 (1981)]. p-hydroxy-L-histidine [Owa, T, ef a/., 
Chemistry Letters, pp. 1873-1874(1988)1, L-honr»histldine [Altman, J., et a/.. Synthetic Commun,, 
19(11 &12):2069^2076 (1989)], a-fluoromethyt-hlstidine (U.S. PaL NO. 4,347,374). and o-methythistidine 
15 [O'Donnell, MJ.. Synthetic Commun,, 19(7&fl):1157-1165 (1989)]. 

The GLP-1 molecules of the present invention further are required to have an Isoelectric point in the range 
from about 6.0 to about 9.0. Numerous GU>-1 molecules having an Isoelectric point In this range have t>een 
disdosed and indude, for example: 
GLP-1 (7-36)amlde 
20 G!y^GLP-1 (7-36)amlde 

Gln»-GLP-1 (7-37) 
D-GIn«-GLP-1 (7-37) 
ac8tyl-Lys^GLP-1 (7-37) 
Thr*-GLP-1 (7-37) 
25 D-Thi«-GLP.1 (7-37) 

Asn»-GLP-1 (7-37) 
D-Asna-GLP-^ (7-37) 
Ser22-Afg»-Ar92*:GlnM-GLP-1 (7-37) 
Thr^»-Ly8^«-GLP-1 (7-37) 
30 Ly3i«-GLP-1 (7-37) 

ArB2a^LP-1 (7-37) 
Ar92*.GLP-1 (7-37). 

and the like (see, e.g., WO 91/11457, supra) . In addilfon. GLP-1 molecules of the present invention, when pos- 
sessing each of the above-referenced modified histidine functionalities In lieu of the histidine functionality. 
35 have Isoelectric points which fall within the above-defined range. Methods for calculating or experimentally 
determining the isoelectric point of other GLP-1 molecules are known to one of ordinary sldll in the art 

Methods for preparing the GLP-1 molecules of the present Invention also are well known to an ordinanly 
skilled peptkie chemist 

In one nr>ethod, GLP-1 molecules are prepared by the weli-known solk) phase peptkie synthetic schemes 
40 described by Merrif ield. J.M., C/iem. Soc.. 85:2149 (1 962X and Stewart and Young, Solid Phese Peptide Syn- 
thesis, pp. 24-66, Freeman (San Frandsco, 1 969). However, ft also Is possible to obtain fragments of the pro- 
glucagon polypeptide or of GLP-1 (1-37) by f ragmentir>g the naturally-occunring amino add sequence using, 
for example, a proteotytlc enzyma Further, it is possible to obtain the desired fragments of the proglucagon 
peptide or of GiJ>-1 (1-37) through the use of recombinant DMA tschnok>gy as disdosed by Maniatis. T., et 
45 a/., MolecvtarBioiogy:A Laborstory Manual, CSH (Cold Spring Harbor. 1982). 

Once the desired GLP-1 mdecule Is prepared, provkling it possesses at least one histkiine functk)nality 
or modified histkfine f undkmatity and further has an isoelectrtc point In the range from about 6.0 to about 9.0, 
compounds of the present inventk}n are prepared by oomplexlng a desired GLP-1 molecule with a divalent met- 
al catton via well known methods In the art Such metal cations Indude, for example, Zn**, Mn**. Fc**, Co**, 
M Cd**, Nr, and the like. Of the metal cations, Zn** la preferred. 

Generally, a desired GLP-1 mdecule, having the required histidine or modified histidine f urvctionalrty and 
isoelectric point, is combined with a mature of an appropriate huffier arKl an appropriate fbnm of a ntetal cation. 

Appropriate buffers are those which will maintain the mbcture at a pH range from about 6.0 to about 9.0, 
butwhteh will not interfere with the readion. Preferred buffere indude Goode's buffers, particularly HEPES, 
55 and Tris and Tris acetate. 

Appropriate fbmns of metal cations are any form of a dhralent metal catk>n whk^h is available to form a com- 
plex with a Gl^-lnrtolecule'of the present Invention. Preferably, a divalent metal cationic salt such as zinc chlor- 
ide is provided in excess to provide a molar ratio of up to about 50 nrtolecules of a divalent metal cation for 
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each molecuta of GLP-1 substrate. 

The temperature employed In this step Is that which b sufficient to effect completion of the reaction. Tvo- 
icaRy. the reaction is r\jn at ambient temperature. 

The product of the present reaction, a crystalline or anriorphous suspension. Is Isolated and purified usina 
standard techniques. ^ 

The pTBSBoi Invention also provides phanmaceutical compositions comprising a compound of the present 
invention in combination with a pharmaceuticany acceptable carrier. dUuent. or excipient Such pharmaceutlca! 
compositions are prepared In a mannerwen known in the pharmaceutical art. and are adirtnteterBd indhnduaOy 
or in combination with other therapeutic agents, preferably via parenteral routes. Especiaily preferrBd rxxjtes 
include Intramuscular and subcutaneous adnnlnistratidn. 

Parenteral daily dosages, preferably a single, daily dose, are in the range from about 1 pgHtg to about 1 000 
jig/kg of body weight, although lower or higher dosages may be administered. The required dosage wfli depend 
upon the severity of the condition of the patient and upon such criteria as the patient's height, weight, sex, 
age. and medical history. 

In making the compositions of the present invenUon. the active ingredient, which comprises at least one 
compound of the present InvenUon, is usually mfaced wfth an excipient or dihited by an excipient When an ex- 
cipient is used as a diluent. It may be a sdid, seml-solld, or liquid material which acts as a vehlde, cam'er, or 
medium for the active ingredient 

I n preparing a formulation. H may be necessary to mill the acth^e compound to provide the appropriatB par- 
tide size prior to combining with the other ingredients, if the active compound Is substantially Insoluble ft or- 
dinarily is mifled to partide size of less than about 200 mesh. If the active compound is substantially 'water 
soluble, the partide size is nonnally adjusted by miiling to provide a substantially unifonn distribution in the 
formulation, e.g., about 40 mesh. 

Some examples of suitable exclpients indude lactose, dextrose, sucrose, trehalose, sorbitol, mannltol 
starches, gum acada. caldum silicate, microcrystalline cellulose. polyvinylpynDlldone. ceflulose. water, syrup] 
and methyl cellulose. The fomiulations can addiUonally indude lubricating agents such as laic, magne^m 
stearate and mineral oil, wetting agents, emulsifying and suspending egents, preserving agents such as me- 
thyl- end propylhydroxybenzoatBS. sweetening agents or flavoring agents. The compositions of the Invention 
can be fonnulated so as to provide quick, sustained or delayed release of the active ingredient after adminis- 
tration to the patient by employing proceduies well known In the art 

The compositions are preferably fonnulated in a unit dosage foon with each dosage normally containing 
from about 50 pg to about 1 00 mg, more usually from about 1 mg to about 1 0 mg of the actwe ingredient The 
temi -unit dosage fonn' refers to physically discrete units suitable as unitary dosages for human subjects and 
othw mammals, each unit containing a predetermined quantity of acth^e material calculated to produce the de- 
sired therapeutic effect In assodatlon with a suitable pharmaoeutical exdplent 

For the purpose of parenteral administration, compositions containing a compound of the present invention 
preferably are combined wfth distifled water and the pH is adjusted to about 6,0 to about 9.0. 

AddlUonai pharmaceutical methods may be employed to control the duration of action. Controlled release 
preparations may be achieved by the use of polymers to complex or absorb a compound of the present inverv 
tion. The controfled delivery may be exercised by selecting appropriate macromdecules (for example, poly- 
estera, polyamino adds, pdyvinylpyrroiidone. ethylenevlnyl acetate, methyteeUulose, carboxymethylcellulose, 
and protamine sulfate) and the concentratton of macromolecules as wea as the methods of incorporation in 
order to control release. 

Another possible rnrthod to control the duration of action by contrdled release preparations Is to Incor- 
porate a compound of the present Invention Into partides of a polymeric material such as polyesters, polyamino 
adds, hydiogds, pdy (lactic add) or ethylene vinylacetate copolymers. 

Alternatively, instead of incorporating a compound into these pdymeric partides. it is possible to entrap 
a compound of the present invention in microcapsules prepared, for example, by coacervadon techniques or 
by Interfadal polymerization, for example, hydroxymethyiceliulose or gelatliwnicfocapsules. respectively, or 
In coltoUal drug delh^ery systems, for example, liposomes, albumin microspheres, microemulslons. hanopar- 
tides, and nanocapsules, or In macroemulslons. Such teachings are dbdosed In Remington's Pharmaceutical 
Saences{1980). 

The compounds of the present invenUon have Insuilnotropic acthrity. Thus, another aspect of the present 
Invention provides a method for enhandng the expression of Insulin comprising providing to s mammalian pan- 
criaatic B-type Islet call an effecth^e amount of a compound of the present invention. 

Similarly, the present Inventwn provkJes a method for treating maturity onset diabetes mellitus In a mam- 
mal, preferably a human. In need of such treatment comprising administering an ef fecth^e amount of a conv 
pound or composition of the present invention, to such a mammal. 
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The foflowing examples are provided to further iUustrate the preserrt invention It k r^nf ir^^M^ »^ 
Invention be limited In scope by reason of any of the foflowing exa^es. 

Example 1 

IndtviduaJ aliquots of two GLP-1 molecules were lyophllbed in small vials. Portions of 0 1M HEPES IN 
P-hydn«yethyqplperazin«^NV[2.ett«n«utfbnlc addD buf^ 

Ide wen. added to the aliquots to obtelnap«)tBin concentmUonotal»ut0.1 n^f^^T^s^^^^^^ 
and stored at ambient temperature (22- C) tor about 18 houn. The mb^r^Z^O^^.^w^!^,^^ 

Cth".!:^ n^"^'^ "^"^ "« 280 nm In a spectrophotZter 
(G Ifori 260) The tl,eoret«al ab«ft«nce value for a 0.1 mgAnL solution of the GU-.I molecules at tWswa- 
velength In the 1 cm cuvettes la 0.207. The results of this experiment are shown In TaWe 1 

Table 1 



Zn/GLP-I Molecule 


280 nm Absorbance 


Molar Ratio 


GLP-1 {7-36)amide 


Gly*-GlJ»-1 (7-36)amide 


0 


0.172 


0.130 


0.3 


0.099 


0.079 


0.5 


0.057 


0.070 


0.7 


0.035 


0.058 


1.0 


0.039 


0.057 


3.0 


0.048 


0.044 



leant 



This example sho^ that only a sman quantity of zinc is required to complex with and precipitate a slgnif- 
il portion of the GU>.1moleculee from these dilute soluUons. c-wBsignir 



Example 2 

5 mg of GUP.1 (7-36)amlde wae completely dissolved In 2.5 mL of pH 7.4. zlncfiee 0 1M HEPES buffer 
An additional 20! mLof pH 7.4. 0.1M HEPES buffer containing 0.6 mM zinc chloride was SaSeS.^^' 
appjwimate mol^ratioof zinc to GLP-1 (7-36)amido in this sample is 1 to 1. The solution Inined^y became 
cloudy and preopitatton soon fbnned. The mixture was stored at ambient temperature (22« C) for 18 hourT 

The precipitate be«me firmly attached to the bottom of the glass vial. The supernatant was completely 

decanted by pipette. The predprtate wasthen completely dissoNed In 5.0mLof0.01Nhydiochlofteadd The 
absort)ance at 280 nm was determined for both the supematent and redissoNed predpitate solutions The zinc 
levels in these solutions were quantHated by atomic absonption spectrophotometry. The results of this exoeri- 
ment are shown In Table 2. >»*»«:it- 



Table 2 





280 nm Absorbance 


Zinc Concentration In Parts per Million 


Supernatant (5 ml) 
Red^sso^ed Predpitate (5 ml) 


0.118 
1.932 


9.02 
13.3 



car^SrT^S^^T.^ \^ ^^^'^ (7-36)amide prsdpilated from the solution when the zino 
containing HEPES solution was added. TTie 280 nm absorbance value of 1.932 Indicates the GLP-1 (7- 
36)amlde "ncentraUon of the redlsso^ed precipitate Is 0.933 mg/ml. or 283 ^M. The zinc concentration of 
thS8amesoU.tton13.3,«^sperrt^^^^^ 

ratio of zinc to 6LP-1(7-36)amlde In the predplfate was 0.717 tel. -o.uiomoiar 
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Claims 

1. A compound comprising a GLP-1 molecule having at taast one histidine functionality or a modified hlsti- 
dine functionality and further having an Isoelectric point in the range from about 6.0 to about 9.0, com- 
plexed with a divalent metal cation. 

2. A compound of Claim 1 wherein sard hlstidine functionality or modified histidine functionality Is located 
at the amino- tenminus (His^ of said GLP-1 molecule. 

3. A compound as claimed in Qaims 1 or 2 wherein said divalent metal cation is zinc. 

4. A compound as dalmed In any one of Claims 1 to 3 wherein said GLP-1 mdecule Is GLP-1 (7-38}amlde. 

5. A compound as claimed in any one of Clainis 1 to 3 wherein said GLP-1 nwlecule is glydne-8-GLP-1 (7- 
36)amide. 

6. A pharmaceutical formulation comprising as an active ingredient a GLP-1 compound, or a pharmaceutical 
acceptable salt thereof, as claimed in any one of Clainis 1 to 5 associated with one or more pharmacaut- 
ically aoceptafc)le canriers therefor. 

7. A GLP-1 compound, as dalmed In any one of Claims 1 to 6, orapharmaoeutlcany acceptable salt thereof, 
for use in treating Type II diabetes (nor)-insuIIn dependant diabetes meimus). 
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